Purpose: Epilepsy surgery has been shown to be effective in treating focal epilepsy related to tuberous sclerosis complex (TSC). We analyzed the advantage of early surgical management in terms of seizure frequency and development. Method: We retrospectively studied the 15 patients younger than 6 years who underwent resective surgery between 2006 and 2016. Fourteen of them had invasive monitoring while the 15th was operated on under corticography. Results: Epilepsy began before 5 months of age in all patients. Overall 13 patients (86%) had a dramatic improvement of epilepsy after surgery (Engel 1 and 2) including 9 patients (60%) seizure free (Engel 1 A). In the group of 9 patients younger than 20 months at the time of surgery who presented with catastrophic epilepsies, 77% are Engel 1 A and the other 23% Engel 2. In this subpopulation, no one developed autism and four (44%) regained normal development. Conclusions: In early onset epilepsies associated with TSC, surgical treatment is highly effective, in particular when performed early. Invasive monitoring contributes to the successful outcome. Those data have to be confirmed by multicentric studies including quantitative analyses of the recordings.
Introduction
Tuberous sclerosis complex (TSC) is a multisystem disorder with autosomal dominant inheritance and a high rate of de novo pathogenic variants (60%).The incidence of this illness is 1/7000-8000 people. Diagnostic criteria for TSC were first defined by Roach and Gomez [1] and recently reviewed by Northrup [2] .
Neurological symptoms are common in TSC as epilepsy occurs in 80-90%, cognitive impairment in 50% and autism spectrum disorders (ASD) in up to 40%. Neurological symptoms are attributable to the neuroanatomic abnormalities (cortical tuber, white matter abnormalities, subependymal nodules and subependymal giant cell tumors); furthermore, the elements of neuropsychiatric disorders in TSC may be directly attributable to dysregulation of mTOR signalling [3] . Cortical tubers are the lesions underlying epilepsy, and the epileptogenicity is located either within the tuber [4, 5] , at the periphery [6] or both [7] .
Of the individuals with TSC who develop epilepsy, almost 2/3 have seizure onset in the first year of life. One third of them will develop infantile spasms and 60% of them have drug refractory epilepsy [8] . The presence of refractory epilepsy and infantile spasms in TSC has been shown to be significantly associated with cognitive impairment, ASD and psychiatric disorders [9] [10] [11] 3] . Moreover, any type of poorly controlled seizures is an important predictor of ASD and, epilepsy, when refractory, plays an aggravating role in the so-called Tuberous sclerosis associated neuropsychiatric disorders (TAND) [3] .
Epilepsy surgery has been shown to be effective in some patients with drug-resistant epilepsies in several retrospective series [12] [13] [14] [15] [16] [17] with a cessation of the seizures in up to 50-60% ; epilepsy surgery required a careful selection of the patients based upon imaging and electrophysiological data including scalp and, if needed, invasive EEGrecordings in order to accurately identify the epileptogenic zones(s) before removal.
A good outcome after surgery has been shown to be associated with an improvement of quality of life and neurodevelopmental disorders. In order to support the evidence of the benefits of an early childhood surgery on epilepsy and neurodevelopmental-associated disorders, we are reporting on a single-centre experience of preschool children operated on for epilepsy while emphasizing the selection criteria, the surgical procedures and the outcome focusing on seizure outcome using Engel classification [18] and on cognitive and ASD features outcomes. Table 1 Demographic data. 
Methods
Our report describes a retrospective study of 15 consecutive patients under the age of 6 years operated on for drug-resistant epilepsy and TSC between January 2006 and January 2016. The diagnosis of TSC was confirmed following Northrup's criteria. Over the same period, a total number of 126 patients under 6 years underwent a focal resection for drug-resistant epilepsy. All of the patients were referred by several neuropediatric departments in France and abroad but evaluated in a single Centre (Rothschild Foundation) and operated on by three senior neurosurgeons (GD, OD, SFS).
A comprehensive history of the epilepsy and of family background was obtained for each patient. They had a pre-and postsurgical clinical examination done by a child neurologist; a neuropsychological evaluation was performed pre-and post-operatively with various developmental scale tests according to the patient's age; (Brunet Lezine, Vineland, WPPSI III, NEPSY, PEP, K-ABC). Results were expressed using developmental quotient for the Brunet Lezine test and intellectual quotient for the other tests; in our clinical practice the Developemental Quotient (using the Brunet Lezine test) is used for the testing of children under 4-5 years, whereas IQ tests are available for children aged 4 years and over. A clinical exam by a trained neuropediatrician together with a CARS-t test in patients aged over two years was done in order to assess autistic spectrum disorders. All the previous EEGs were carefully reviewed. All patients had at least one MRI (T1, T2, FLAIR-weighted sequences in the 3 planes without and with contrast) and a CT-scan in order to view the calcifications.
All of them had a prolonged scalp video-EEG (at least 24 h) with scalp electrodes set according to 10/20 montage.
The decision to operate and the modalities were decided by a multidisciplinary team with the criteria we use for all patients in this age range [19] . Patients with bilateral multifocal seizures or generalized seizures were deemed to be contraindications. One patient underwent corticography while the other fourteen were explored with a chronic invasive exploration. Stereo-electroencephalography (SEEG) requires a minimum bone thickness of 2 mm (approximately 2 years of age) in order to anchor the hollow pegs for the electrode insertion and fixation. The young age was therefore the reason to choose a subdural exploration in nine patients, while in the two remaining patients it was considered more suitable to map eloquent areas rather than undergo SEEG [19] . Consequently, 11 patients had an exploration using subdural electrode monitoring combined in nine cases with one to three depth electrodes (electrodes DIXI® or ADTECH®), while three were explored using SEEG (electrodes DIXI® or ALCIS®) as described by Talairach et al. [20] . During the recording period, the children were examined by an EEG technician and a child epileptologist. Electrical stimulations were performed for motor cortex mapping in 13 cases and speech mapping in one [21, 22] . Electrophysiological data were reviewed by an experienced electrophysiologist from the team (DT or MC), different from the one who had interpreted the recordings initially.
During the same period, two supplementary patients younger than 6 years with TSC underwent SEEG, and were deemed inoperable; no patient with TSC younger than 6 years underwent a cortical resection for epilepsy without any invasive exploration. In the same period, seven patients with TSC younger than 6 years of age and eight older were evaluated without invasive recordings and were not considered suitable candidates for surgery. Two patients older than 6 years of age underwent surgery after an invasive exploration and one without (all Engel 1 with more than 3 years follow-up).
The outcome of the epileptic seizures was assessed using Engel's classification [18] . All of the patients received outpatient follow-up in our institution three months after surgery including routine EEG and MRI, followed by yearly visits to our outpatient clinic; new EEG and MRI exams have been performed in each patient depending on epilepsy outcome and the need for prospective subependymal giant cell astrocytoma diagnosis.
Results

Clinical data (Tables 1 and 2)
Fifteen patients, nine females and six males were operated on at a mean age of 25 months (range 5-54 months). The epilepsy started at a mean age of 13.4 weeks (range 2 days-55 weeks). All patients had focal seizures and nine had presented infantile spasms (IS) during the course of epilepsy. From a genetic point of view, TSC was inherited in seven, de novo in eight, with a TSC2 mutation in nine, TSC1 in two, and no mutation found in one; in the other three patients, genetic tests are either pending or were not done ().
Presurgical neurological examinations showed motor deficit in seven patients (hemiparesis, monoparesis, hemiplegia) and clinical evidence of hemianopia in five.
Nine patients were younger than 20 months at the time of surgery; most of them had hospitalisations for epilepsy lasting weeks. Seven had a diffuse hypotonia, partly drug-related. The precise seizure frequency was difficult to establish by the parents, because of the severe psychomotor delay, leading to false positives and false negatives in the assessment of subtle seizures. On the basis of the international classification of diseases for intellectual disabilities (ICD 10), neuropsychological tests and clinical examinations showed a severe mental deficit (defined as IQ or DQ < 35 in three patients, a moderate mental delay (defined as IQ, DQ between 35-55) in five and a mild mental (defined as IQ, DQ between 55-75) delay in six patients. One patient presented with a normal IQ (defined as IQ > 75) but had a speech delay (patient# 3). Autistic spectrum disorders were evaluated using either routine neurological examinations or CARS-T in children aged over 2 years. Four patients had autistic spectrum disorders, severe in two (patients #2 and #11) and mild in two (patients #9 and 10).
Images (Table 1)
MRIs were performed in all the patients prior to surgery, at a mean age of 25 months (range 5 4 months); only patients investigated and operated on after 2012 benefitted from MRIs with 3D sequences. On MRI, four patients had only one tuber which was thought to be responsible for epilepsy; the other patients had more than 1 tuber (2 to over 10) but only one was considered as responsible for epilepsy at the time of presurgical investigations and surgery. Such tubers had common features such as: cortical and sub cortical localization, cortical disorganisation, macroscopic calcifications (in all but patient #3) visible on CT scan (in our institution susceptibility weighted MRI sequences were only available to us since 2015 which explains why we previously used CT scan to identify small calcifications) and MR (hyposignal on T2 weighted images), white and grey matter blurring. Due to the age of the patients at the time of MRI, additional small tubers may have been overlooked. In all patients but patients #3 and 14, tubers can be described as large as what is described by Cusmai et al. [23] .
Electrophysiology
The main results for scalp video-EEG are described in Table 3 . The mean age at exploration was 19 months (range 5-48). Focal seizures were recorded in all patients and IS in five. Four patients had different types of focal seizures, clinically compatible with the same origin or not. In EEG, 35% had a unique focal onset, and 40% had different origins in the same region. One patient (7%) had generalized spikes and waves (SW). Even when interictal EEG was mutilfocal (uni-or bilateral) or showed focal and generalized SW, the majority of recorded seizures were focal or regional multifocal. Patient #9 had associated generalized seizures diagnosed as myoclonia. In all patients, the EEG video monitoring could refine the previous EEG data but was never contradictory to them.
In patient #12, the interictal and ictal scalp data pointed to the significant tuber located in the right occipital lobe. The resection was tailored with corticography. The other 14 patients had chronic invasive recordings (Table 4 ; Fig. 1 ) with the aim of delineating the epileptogenic zone and its relationship to eloquent cortex. In patients with more than one tuber, the exploration was directed to one of the large tubers but not necessarily to the largest. The mean duration of the recording was 3.6 days (3-6). The invasive exploration was well-tolerated. The implantation covered a large part of the hemisphere explored when performed with subdural electrodes in infants. In posterior and in frontal epilepsies, the central region was systematically explored to exclude its belonging to the epileptogenic zone. Two patients had unifocal SW, five had regional multifocal SW in the resection area, and seven had multifocal SW including SW outside the resection area. As in scalp monitoring, IS were recorded in five patients and focal seizures Table 3 Scalp video-EEG data. 
M. Fohlen et al. Seizure: European Journal of Epilepsy 60 (2018) 71-79
were recorded in all. In two patients, clusters of IS independent of FS occurred (Patients # 2 and 15). The IS began with repetition of focal fast discharges with progressive spreading out occurring before the first IS. The IS themselves were characterized by a polyphasic complex including a fast discharge originating from a different location than the FS but within the irritative zone. In three patients (Patients # 6, 9 and 11), IS followed a FS and the fast component of the complex had either the same localisation as the FS onset or another one within the irritative zone. One patient had less than ten seizures recorded, two patients between 10 and 20, five patients between 20 and 100, and five patients had more than 100 seizures recorded. However, the precise counting of seizures was difficult to perform because of subtle seizures. Moreover, in four patients one seizure type could evolve to another, without any return to basal interictal status. Seven had several electro-clinical types of focal seizures. Six had seizures with a unique focal onset. Another six had multifocal seizures within the resection area, and four had multifocal seizures including seizures outside the resection area. The seizures starting outside the resection area were rare (less than 5% of the recorded seizures and not recognized by the parents as usual seizures). We were able to address the question of the location of the dysplastic patterns and the epileptogenic zone related to the centre or the periphery of tubers accurately studied by Kannan et al. [5] only in the three patients older than 2 years of age explored with SEEG (Patients # 9, 11 and 14). In the others, due to myelinisation, the borders of the tubers were ill-delineated, and/or the exploration with subdural electrodes combined with few depth electrodes did not allow this fine analysis, in particular in the depth of the lesions. In patients #9 and 14, dysplastic electrographic patterns were recorded in the tuber, whereas in patient #11 they were recorded in the centre and the periphery as well. Electrical stimulations were performed for motor cortex mapping in 13 cases and speech mapping in 2. In one of the ten patients (patient #4) explored with subdural electrodes, motor area was not found, which was not the case in patients explored with SEEG. In the patient Fig. 1 . Illustrative case (patient 1). Epilepsy began at the age of 3 weeks in a girl with de novo TSC2 mutation. Despite several drug trials, the patient experienced several seizures a day. At the age of 5 months, she was not able to lift her head, she presented motor asymmetry impairing the left side, she looked often to the right but was able to follow a target on the left. Seizures were stereotyped according to the parents, with eye deviation to the right, clonic movements of the eyes, rubefaction, motor manifestations of the left side of the body followed or not with asymmetrical spasms. Fifty-four seizures were recorded in 48 h on scalp EEG. MRI showed a huge dysplastic zone in the right parieto-occipital region. At the age of 7 months the child underwent an invasive exploration with 10 subdural electrodes of 8 contacts each and 2 depth electrodes. It led to a parieto-occipital disconnection. The patient has been seizure-free for 5.9 years under treatment. A: preoperative MRI. B: one seizure onset type on scalp EEG. C: another seizure onset type on scalp EEG. D: result of the invasive monitoring. E: one seizure type recorded during the invasive monitoring. Ea: seizure onset (1: rhythmic SW discharge at PS 1-2). Eb: continuation. Ec: end of the focal seizure followed with IS (2: end of the focal seizure and onset of IS with a focal fast discharge on IP 1-6). F: post-operative MRI. explored with SEEG, electrical stimulations failed to determine speech area while it could be determined in the patient explored with subdural electrodes. Additionally, patient #11 needed a corticography during the SEEG guided resection because SEEG did not determine the posterior limit in the insula.
Surgical procedure
All patients had tailored surgical resections based on correlation between electrophysiological data and anatomical lesions taking into account a pre-existing deficit. Resection was unilateral in all, left in nine and right in six. It was unilobar in six (five frontal or fronto-central, one parietal); bi lobar in seven (one parieto-occipital, one operculo-parietal, one centro-parietal, one operculo-insular, one parietooccipital, one fronto-insular, one temporo-occipital); trilobar (temporoparieto-occipital) in two. Three patients had a combined resection and disconnection due to the large size of the epileptic zone (patients #1, 5, and 6).
Anticipated post-surgical deficits were present in four patients consisting of a right inferior quadrantanopia (perhaps pre-existent but impossible to highlight in the lack of visual field; patient #4) and a preexistent hemiparesis aggravation (patients #6, 9, 15). In the patients having a resection over central and pericalcarine areas, parents were informed of the risk of motor or visual field deficit aggravation or occurrence. In patient #3, an acquired permanent hemiplegia (patient #3) following vascular injury was observed. Two patients presented with an improvement of hemiparesis (patients #10 and 11) probably due to the cessation of the seizures. In all patients, pathological results showed cortical dysplasia type 2b.
Follow-up
The mean duration of time between surgery and follow-up is 4.7 years (range 1.9-7.2 years). In a total of 13 patients (86%), we observed a dramatic improvement of epilepsy (Engel 1 and 2) including nine patients currently seizure free (Engel 1 A) , four are free of antiepileptic drugs, one patient had a significant improvement of epilepsy (Engel 3) , and one patient had no improvement in seizure types or frequency (patient #2).
Among the subgroup of the nine patients younger than 20 months at the time of surgery, all but two are Engel 1 A, the remaining patients being Engel 2 (patient #5 had presented a relapse of seizures after tapering medication that were controlled with AED's reintroduction, patient #7 had a few seizures due to fever).
Regarding cognitive outcome, a severe mental delay was observed in three patients, moderate in five, and mild in two; five patients presented with a global IQ > 75.
Neuropsychological tests showed a dramatic improvement in four patients with a step up from a mild delay to a "normal" IQ: an increase in IQ from 55 to 80 (patient #4), from a general DQ of 70 to a full scale IQ of 89 (patient #12); QD's normalization for patient 15 and IQ's normalization for patient #8 (step up from DQ of 61 to an IQ of 101). Patient #3 remained in the same 'corridor' but improved her language. All of these patients (except patient #3) were younger than 20 months at the time of surgery and four out of five are free of AEDs. The three patients who had a severe mental delay preoperatively did not see improvement following surgery, and two of them still have seizures including IS; all were operated on quite late at respectively 33, 43, and 54 months old. All of them, however, gained walking ability and restricted possibilities to communicate with their parents. For the seven remaining patients (with mild or moderate deficits), cognitive development continued to progress in the same corridor; all have shown improvement regarding epilepsy (Engel 1 and 2 ), but only three are seizure-free; four were operated on before the age of 20 months.
Autistic signs following surgery were present and severe in 3 patients (patients #2, 9 and 11). All of these patients had a severe mental deficit which was not modified post-operatively; two out of three are still having seizures including IS in one; patient #11 is seizure free but with little developmental improvement; all three patients were operated on quite late at the ages of 33, 43, and 53 months respectively). In two patients (patients #5 and 10), the disappearance of a few autistic signs was noticed post-operatively. No other patient had autistic signs; if we consider the subgroup of the nine patients operated on before 20 months, in whom autistic signs could not be evaluated preoperatively with CARS-t test, only one patient being Engel 1 (patient #1) presents with some mild autistic signs, but this patient has neurovisual troubles due, partly, to a posterior brain area surgery. The other patients are free of autistic features.
Four patients (all Engel 1 A) are free of antiepileptic drugs, and four are treated using monotherapy only.
Regarding schooling, four patients are in an institution, eight attend a regular school, and three are attending a special needs school. 
Discussion
Our report focuses on a single centre experience of a small group of 15 patients with TSC operated on for drug-resistant epilepsy, all being younger than 6 years at the time of surgery. One of the characteristics of our series compared with the others reported in English literature is the young age at surgery. Furthermore, the young age of the patients at surgery is a good element for evaluating future cognitive outcomes. The small size of our group did not allow any statistical analysis.
Seizure outcome
We report a dramatic improvement in 86% of patients (Engel 1 and 2) with a cessation of the seizures in 60% and a mean follow-up of 4.7 years; four patients are now free of medication. After surgery, among the not completely cured patients, only patient #2 was newly hospitalized for seizure clusters. Our results regarding epilepsy outcome are slightly above the reported results in English literature, i.e. between 47 and 59% of Engel 1 patients [12, 13, 15, 4, 14, 24, 17, 16] . Our series is quite homogeneous as all the patients but one had invasive recordings and a curative surgery; the main difference lies in the age of the patients at surgery. In the other published series indeed the mean age ranged from 5.17 years [14] , to 10 years [17] . In ours, the mean age is much younger (25 months) .
Regarding the factors that influence outcome, contrary to what is reported by some authors [12] , the occurrence of IS in nine patients from our series did not negatively influence the outcome of epilepsy as all but one are Engel 1 or 2; for most of the authors [12, 16, 24] , an onset of seizures before the age of 12 months is a factor of poor prognosis. By contrast in our series of children having all developed epilepsy before age 1, the main factor of poor prognosis is the age at surgery with the best results in infants compared to older children. The only patient who had no clear-cut benefit from surgery (patient 2) was already 33 months old at the time of surgery: a post-operative video EEG recording test failed to disclose a clear-cut focus, and multifocal seizures were recorded; consequently, a multistep surgery, as described by Carlson [25] , could not be considered.
The surgical outcome is clearly better for our total group than in the other series of medical literature. The main reasons could be a) a short duration of epilepsy before surgery, b) a localized epileptic zone with no time to develop secondary multifocal or generalized epilepsy as Lennox-Gastaut syndrome or a secondary focus; c) the possibility to perform multilobar resections or resections plus disconnection in areas which are not eloquent in this age [26] . One other important reason could be the drastic or careful selection of the patients, referred by the physician first, and thereafter selected by our team. In their medical history, no patients had seizures clinically suspected to originate from another cortical region, and no previous EEG-video showed interictal or ictal data discordant from the hypothesis leading to the invasive monitoring. Even in patient 9 whose condition evolved to Lennox-Gastaut syndrome, stereotyped focal seizures and a clear cut interictal SW focus persisted. The invasive explorations which were used in 14 patients, as for other children with catastrophic epilepsy could have improved the outcome [27] . Their utility is also underlined by an expert group, although not proved [28] . TSC patients represent 12% of cases of patients operated on under the age of 6 years for all types of epilepsy surgery, and 20% of the patients of the same age requiring invasive recordings; comparable data are available in the international survey made in 2004 by ILAE showing that TSC represents 4% of all of the patients surgically treated for epilepsy but the main group requiring invasive explorations [29] . We have already underlined the tolerance and the effectiveness of invasive explorations in infants with symptomatic epilepsies [27] . Due to the incomplete myelinisation, it was not possible in our series to compare the results of invasive recordings and MRI, and to contribute to the debate on epileptogenicity of the tuber and the surrounding cortex. Epileptogenic zones went, in general, beyond the clear-cut part of the MRI abnormality. Nevertheless, invasive explorations have their limits. In our population, we did not get a clear-cut correlation between the results of the invasive exploration and the surgical outcome. Either the epileptogenic zone seemed to be limited to the resection area, and the patient is still having seizures (patients #5, 13, and 14) or the zone seemed to be wider or multifocal and the patient is classified Engel's 1 (patients #6 and 8). The most probable explanation is the sampling bias encountered with both types of exploration, well-known for SEEG but which also exists for subdural explorations. Indeed, with subdural electrodes the deeply located cortex is insufficiently explored, either by the few depth electrodes, or by the mesial located subdural electrodes. The other limit is functional, as motor cortex could not be found in 1/10 infants as reported in the literature [21] . Motor cortex is the only eloquent area which can be studied in younger patients, whereas speech responses can be evoked in older ones (one patient in our study). Despite the drawbacks of invasive exploration, they cannot be avoided in most cases. PET is not very helpful in tuberous sclerosis [30] . Coregistration with magnetic or electric source imaging enhances the sensitivity but is less precise than invasive explorations and is not available in our centre [31, 30, 32] .
Post-operative cognitive and ASD outcomes
Regarding post-operative cognitive outcome, as for the other series reporting epilepsy surgery in infants and young children with catastrophic epilepsies, the young age at surgery, seizure freedom and drug discontinuation are good prognostic factors for cognitive improvement [33] ; in our series, 12 patients showed cognitive improvement including five patients who were able to 'normalize' global cognitive tests; furthermore, the best results were observed in the patients operated on before the age of 20 months. Many factors are implicated in cognitive deficit in TSC patients including genetic and biological factors linked to mTOR dysregulation; among them, intractable epilepsy, as well as the occurrence of refractory spasms and an early onset of the seizures all play a major role in intellectual disabilities [34] [35] [36] . Successful surgery at an early age, therefore, contributes significantly to the cognitive progress of these patients.
Autism is a main concern in TSC as 29-50% of the patients have been diagnosed as autistic. A high comorbidity between ASD and cognitive impairment as well as between ASD and early seizure onset and the presence of infantile spasms is well established [4, 5, 14, 15] . Moreover, any type of poorly controlled seizures is an important predictor of ASD [37, 35, 38] .
The high number of tubers, as well as some localisations, are also implicated in the genesis of autistic disorders [39] . In our series, because of the different localisations of the epileptogenic tubers, it was not possible to establish any anatomical-clinical correlation. To evaluate ASD in our population we used the CARS-T test; as this test is not available in infants it was not possible to compare results before and after surgery, so we mainly used postoperative evaluations. Autistic signs following surgery were present in three patients only, all having a severe mental deficit; two of them continue to have seizures. On the contrary, none of the patients who became seizure-free following surgery have developed ASD except for one patient in whom mild ASD can be tied to neurovisual deficit. As for cognitive impairment, if one considers that this populastion concentrates all the risk factors to develop ASD (early onset of epilepsy, the occurrence of IS, several AEDs and hospitalization) we can argue that the cessation of the seizures at an early age is a major factor in preventing the development of autism. These good results regarding ASD prevention need to be tempered through the selection of our patients who can undergo resective surgery, which excludes patients experiencing multifocal epilepsies who are at higher risk for more cognitive impairment and ASD as well.
Particular effectiveness of epilepsy surgery in infants
The younger patients operated on before the age of 20 months had the greater benefit. They all had catastrophic epilepsies, with highly frequent seizures, frequent hospitalizations, and poor development. All are Engel 1 or 2, 77% being Engel 1. Those results are even better than those we reported in patients younger than 3 years operated on after an invasive monitoring, for whom the Engel 1 outcome was 68% [19] . They all showed significant improvement in terms of development, no one became autistic, and three of them no longer take any drugs. They are not homogeneous in terms of localization, size of epileptogenic zone, or complexity of epilepsy, but they all had seizures occurring around and within a huge tuber with calcifications.
Conclusion
Our results provide strong arguments in favour of early surgery in toddlers with drug resistant epilepsy and TSC; the recent definition of ILAE for drug resistant epilepsy which is the continuation of the seizures after the use of two appropriate antiepileptic drugs (and subsequently the need to consider at that time the patients that could be candidates for surgical treatment) goes in the same way. Our results show that a successful surgery in infancy could prevent ASD from developing and allowed dramatic cognitive improvement; due to the complexity of epilepsy at this age we defend the necessity to perform invasive explorations to delineate the limits of the resection in order to perform a tailored surgery. Without them, the precise delimitation of the epileptogenic zone is not possible, so that the imaging-based surgery could lead to either an insufficient or too wide resection. The limitation of this study is the small sample of our series. Our results must be confirmed in the future by larger series. Quantitative studies of invasive data could provide new insight into the complexity of epileptic network and prognosis factors in those patients.
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